Thermodynamics of ligand binding and denaturation for His64 mutants of tissue plasminogen activator kringle-2 domain.
The contribution of His64 to the function and stability of tissue plasminogen activator (t-PA) kringle-2 domain (His244 in t-PA numbering) has been studied by using microcalorimetric methods to compare the ligand binding and thermal denaturation behavior of wild-type kringle-2 and mutants having His64 replaced with Tyr or Phe. This site was examined because modeling studies suggested that the His64 side chain could play an important role in ligand binding by forming an ion-pair with the carboxylate of the ligand, L-lysine. Kringle-2 domains were expressed by secretion of the 174-263 portion of t-PA in E. coli and purified as previously described for the wild-type domain. Both mutant proteins retain affinity for L-lysine, although reduced three- to four-fold relative to wild-type, demonstrating that His64 does not interact with the ligand carboxylate through an ion-pair interaction or by hydrogen bonding. The H64Y substitution does result in an altered specificity of the lysine binding site with the mutant domain having greatest affinity for a ligand of 6.8 A chain length, whereas the wild-type domain prefers an 8.8 A long ligand. For both wild-type and mutant, the binding of the optimal chain length ligand is dominated by enthalpic effects (delta H = -6,000 to -7,000 cal/mol) and T delta S accounts for less than 15% of delta G. In addition, the H64Y mutant differs from wild-type in the effect of ligand alpha-amino group modification on binding affinity. Based on examination of the x-ray structure recently determined for wild-type kringle-2, the specificity changes accompanying the H64Y substitution probably result from changes in side chain interactions in the lysine binding site. Thermal denaturation experiments show that the H64Y mutant is also more stable than the wild-type protein with the difference in stabilization free energy (delta delta G) equal to 2.7 kcal/mol at 25 degrees C and pH 3. The increased stability of the mutant appears to be related to the difference in hydrophobicity between His and Tyr.